a dis con ti nu ity be tween the two for ma tions. The palynofacies anal y sis from this geo log i cal sec tion in di cates an abun dance of con ti nen tal or ganic mat ter (mainly opaque phytoclasts), de pos ited in a dis tal set ting of the sed i men tary ba sin. The oc cur rences in the palynological as sem blage of some oce anic dinocyst taxa such as Impagidinium and Pterodinium sug gest the same depositional en vi ron ment for the geo log i cal for ma tions ana lysed.
INTRODUCTION
The Cre ta ceous-Paleogene (K-Pg) bound ary is rec og nized as rep re sent ing one of the great est mass ex tinc tion events in the last 500 Ma. The im pact on the Earth of a large as ter oid (Alvarez et al., 1980) , in tense vol ca nic ac tiv ity, sea level fluc tu ations and cli ma tic changes (Courtillot et al., 1986; Courtillot, 1990) are pres ently rec og nized as the causes of the global mass ex tinc tions of most ma rine and ter res trial biota at the end of the Cre ta ceous. Among these causes, the Chicxulub im pact in north ern Yucatan (south ern Mex ico) is widely ac cepted as the pri mary cause for this Cre ta ceous-Paleogene ex tinc tion event (65 Ma) while the Deccan vol ca nic ac tiv ity in west ern India is also con sid ered to be a prin ci pal cause (Keller, 2008; Keller et al., 2009 ).
In con trast to the ter res trial fauna (di no saurs), as well as most aquatic or gan isms (cal car e ous plank tonic foraminifera, nannoplankton, etc), or ganic-walled dinoflagellate cyst taxa did not un dergo a mass ex tinc tion across the K-Pg bound ary (Benson, 1976; Hansen, 1977; De Coninck and Smit, 1982; Hultberg, 1985; Firth, 1987; Brinkhuis and Zachariasse, 1988; Moshkovitz and Habib, 1993; Habib et al., 1996; Gedl, 2004; Slimani et al., 2010) . Biostratigraphical stud ies of this bound ary based on the dinoflagellate cysts have been made at sev eral Tethyan (Brinkhuis and Zachariasse, 1988; Gedl, 2004; Egger and Mohamed, 2010; Slimani et al., 2010 Slimani et al., , 2016 Mohamed et al., 2012 M'Hamdi et al., 2013; Mohamed and Wagreich, 2013; Slimani and Toufiq, 2013; Guédé et al., 2014) and bo real (Hansen, 1977; Moshkovitz and Habib, 1993; Brinkhuis and SchiÝler, 1996; Habib et al., 1996; Slimani, 2001; Slimani et al., 2011) geo log i cal sec tions. Other K-Pg sec tions are from New Zea land (Willumsen, 2004 (Willumsen, , 2011 in the South ern Hemi sphere.
In the Moldavidian units of the East ern Carpathians, where the geo log i cal sec tion stud ied is lo cated, the K-Pg tran si tion was ana lysed from a palynostratigraphic point of view by Olaru (1978) . The au thor noted that, in the Maastrichtian, the Normapolles group (prim i tive an gio sperms) dom i nates the palynological as sem blages (65-70%), rep re sented by the gen era Complexipollis, Trudopollis, Plicapollis and Oculopollis. In ad dition to these palynomorphs, some spe cies of spore (Leiotriletes tenuis, Verrucosisporites quintus, Baculatisporites primarius) and dinoflagellate cysts (e.g., Hystrichosphaeridium tubiferum, Cerodinium diebelii, Areoligera cf. senonensis) were noted. The Paleocene microflora cited from the Izvor For ma tion re corded a de cline of the Normapolles group, the prev a lent taxa com prising mono-and dicotyledonous an gio sperms (e.g., Monocolpopollenites tranquillus, Tricolporopollenites wallensenensis, T. krutzschi, T. robustus) , and some pteri do phytes and gym no -sperms. The rel a tive abun dance of the dinoflagellate cysts decreases in the Paleocene, com pared to that iden ti fied in Maastri chtian de pos its, the cited spe cies be ing Cerodinium diebelii, Achomosphaera ramulifera, Hystrichosphaeridium tubi ferum and Oligosphaeridium com plex (Olaru, 1978) . Based on spores and pol len iden ti fied, Olaru (1978) in ferred a cool ing of the cli mate at the Maastrichtian-Paleocene bound ary.
Other biostratigraphical stud ies of the K-Pg bound ary were made based on cal car e ous nannofossil as sem blages from the south west ern part of the East ern Carpathians (Melinte and Jipa, 2005; Bojar et al., 2009 ) and on sig nif i cant foraminiferal as sem blages from the cen tral and north ern parts of the Moldavidian Units (Ionesi, 1966 (Ionesi, , 1975 Ion et al., 1982; .
The aim of this pa per is to de scribe the dinoflagellate cyst biostratigraphy and palynofacies dis tri bu tion across the K-Pg bound ary in ter val of the Vrancea Nappe (Cuejdiu-Runcu geolog i cal sec tion, East ern Carpathians).
GEOLOGICAL SETTING AND STRATIGRAPHIC FRAMEWORK
In the East ern Carpathians, the Moldavide Nappe Sys tem is di vided into the In ner Moldavides (i.e., Teleajen, Macla and Audia nappes), con sist ing mainly of Cre ta ceous strata, and the Outer Moldavides (i.e., Tarcãu, Vrancea and the Subcarpathian nappes), com pris ing Cre ta ceous to ear li est Mio cene flysch de pos its (Sãndulescu, 1984; Grasu et al., 1988) .
The Vrancea Nappe is struc tur ally in ter posed be tween the Tarcãu and Subcarpathian nappes and crops out in sev eral tectonic half-win dows, in clud ing the Bistriþa Half-win dow. The geolog i cal cross-sec tion ana lysed in this pa per is lo cated in this tectonic half-win dow (Fig. 1) , more spe cif i cally at the con flu ence of the Cuejdiu and Runcu rivers (8 km NW of the city of Piatra Neamï).
This geo log i cal sec tion has been pre vi ously de scribed, from the lithological and biostratigraphic point of view, by Grasu et al. (1988) and Guerrera et al. (2012) . The sed i men tary suc ces sion iden ti fied along the Cuejdiu and Runcu rivers is ap prox i mately 900 m thick, the lower part be ing as signed to the Sãrata For mation of Early Cre ta ceous to Late Campanian age .
The Sãrata For ma tion is sub di vided into three lithological mem bers: Lower Mem ber (a suc ces sion of black shales with turbiditic arenites and con glom er ate in ter ca la tions); Mid dle Mem ber (si lici fied black shales with thin strat i fied calcarenites and brec cias); and Up per Mem ber (sandy marls with green-schists clasts). Up wards, the suc ces sion con tin ues with the Lepºa For ma tion (~115 m thick, Maastrichtian), which consists mainly of grey sandy marls with con glom er ates with breccia in ter ca la tions. This for ma tion is ended by a slumped body (15 m thick), de scribed as an olistostrome, con sist ing of black shale from the Sãrata For ma tion (Mid dle Mem ber) de pos ited on a slope . This olistostrome bed is over lain by the Putna-Piatra Uscatã For ma tion (180 m thick; Lower Paleocene-up per most Ypresian; Grasu et al., 1988; Guerrera et al., 2012) , con sist ing of lam i nated black shales with lime stone in ter ca la tions (up to 4-5 m thick), arenites and calcarenites. The geo log i cal sec tion along the Runcu River ends with the Bisericani For ma tion (Priabonian-Lower Rupelian; Amadori et al., 2012) .
Biostratigraphical data, based on plank tonic foraminifera from the K-Pg bound ary in ter val of the sec tion stud ied, show that the Lepºa For ma tion (the mid dle part) con tains Late Maastri chtian taxa such as Globotruncanita stuarti (De Lapparent), Abathomphalus mayaroensis (Bolli) and Racemiguembelina fructicosa (Egger) . The micropalaeontological con tent of the top of this for ma tion is poor, and con sists of scarce ag glu ti nated foraminifers; this scar city may be re lated to the Cre ta ceous-Paleogene ex tinc tion event. The lower part of the Putna-Piatra Uscatã For ma tion also shows a poor micropalaeontological con tent, con sist ing of some ear li est Paleocene small globigerinids, such as Subbotina cancellata Blow. Ac cord ing to these biostratigraphical data, Guerrera et al. (2012) placed the K-Pg bound ary some where near the top of the Lepºa For ma tion.
MATERIAL AND METHODS
The K-Pg bound ary sec tion (co or di nates: N 46°59'44,04''; E 26°16'33,45'') in ves ti gated in the pres ent pa per is lo cated along the Runcu River, near the con flu ence of the Runcu and Cuejdiu rivers (Fig. 1) . This sec tion ex poses ~30 m thick of strata com posed of the up per most part of the Lepºa For ma tion (Up per Maastrichtian) and the low er most part of the Putna --Piatra Uscatã For ma tion (Lower Paleocene) (Fig. 2) .
In to tal, six sam ples were ana lysed ( Fig. 2) : two sam ples (P140, P141) from the Lepºa For ma tion, one sam ple (P142) from the olistostrome and three sam ples from the Putna-Piatra Uscatã For ma tion. The palynological ma te rial stud ied shows low dinocyst di ver sity, but yielded the most dinocyst bio stratigraphic mark ers, which are well-pre served and use ful for age de ter mi na tions of the sam ples ana lysed.
For palynological and palynofacies anal y sis, all sam ples were pro cessed us ing stan dard palynological tech niques (e.g., Bat ten, 1999). Ap prox i mately 50 g from each sed i ment sam ple was treated with HCl (37%) to re move car bon ates and HF (48%) to re move the sil i cate min er als. Denser par ti cles were sep a rated from the or ganic res i due us ing ZnCl 2 with a den sity of 2.0 g/cm 3 . The palynological res i dues were mounted on micro scopic slides with glyc er ine jelly. All sam ples yielded a palynological as sem blage dom i nated by dinoflagellate cysts, while pol len grains, spores, bryophytes and acritarchs shows rare oc cur rences. Pho to mi cro graphs (Figs. 3 and 4) were taken with a dig i tal Leica DFC420 cam era mounted on an Leica DM1000 mi cro scope. The tax on omy of the dinoflagellate cyst spe cies fol lows Dinoflaj2 (Fensome et al., 2008) and Slimani et al. (2008) . The age de ter mi na tion of de pos its from the sec tion ana lysed was ob tained based on dinoflagellate cyst as semblages and their com par i son with sim i lar as sem blages iden tified in many Maastrichtian to Danian biostratigraphically cal ibrated sec tions from the North ern Hemi sphere (see above in the In tro duc tion).
For the palynofacies anal y sis, the amount of kerogen in the palynological slides was ana lysed. At least 300-400 or ganic par ti cles (>15 mm) were counted in each sam ple, these be ing in cluded at the three main groups of kerogen con stit u ents proposed by Tyson (1995 ), Mendonça Filho et al. (2002 ), Carvalho et al. (2006 , and Þabãrã et al. (2015) , namely: palynomorphs group (dinoflagellate cysts, spores, pol len and acritarchs); phytoclasts group which in cludes opaque and trans lu cent organic par ti cles de rived from ter res trial plants (woody tis sues, cu ti cles, mem branes); and Amor phous Or ganic Mat ter (AOM) group which in cludes structureless or ganic com po nents derived from phytoplankton or de graded higher plant de bris.
In the ma rine en vi ron ments, the prox i mal-dis tal trend is one of the prin ci pal con trols on kerogen dis tri bu tion. Sev eral in terpre tive pa ram e ters, based on palynofacies ob ser va tions, can be used for a de tailed palaeoenvironmental anal y ses, namely: ra tio of opaque to trans lu cent phytoclasts (O:Trans; Steffen and Gorin, 1993; Carvalho et al., 2013 ) and the con ti nen tal/ma rine palynomorphs ra tio (C/M; Pellaton and Gorin, 2005) . Also, onshore-off shore depositional en vi ron ments and transgressive --re gres sive trends can be in ferred based on a spore-pol len --microplankton (SPM) ter nary di a gram pro posed by Federova (1977) and Duringer and Doubinger (1985) .
The high rel a tive abun dance of trans lu cent par ti cles (e.g., woody tis sues) in an cient ma rine de pos its are known to in di cate strong ter res trial in flux, with de po si tion in nearshore prox i mal set tings (e.g., fluvio-deltaic sys tems; Tyson, 1995; Carvalho et al., 2013) . In con trast, opaque phytoclasts are de rived from the ox i da tion of trans lu cent par ti cles, be ing more re sis tant palynomacerals that can be trans ported over a long dis tance with out be ing fur ther de graded. This O:Trans ra tio tends to in crease in the more dis tal fa cies. Large amounts of phytoclasts can also oc cur via tur bid ity cur rents in deep wa ters (Habib, 1982; Carvalho et al., 2013) . The other pa ram e ter used, the C/M ra tio (cal cu lated by tak ing the num ber of all ter res trial palynomorphs, di vided by the num ber of dinoflagellate cysts), gen er ally decreases off shore.
RESULTS

PALYNOLOGICAL CONTENT
The palynomorph as sem blages from the K-Pg sec tion analysed here con sist mainly of dinoflagellate cysts (83-100% of the to tal palynomorphs), ex cept for sam ple P140, in which a lower per cent age (61%) is re corded. A to tal of 52 dinoflagellate cyst spe cies and sub spe cies have been rec og nized; most of the taxa re corded in the Up per Maastrichtian cross the K-Pg bound ary and per sist into the Danian. This as pect does not in di cate a severe ex tinc tion of dinoflagellate spe cies across the K-Pg boundary, in con trast to the mass ex tinc tion re corded in the plank tonic foraminifer as sem blages (Paul, 2005; Twitchett, 2006) . Lepºa For ma tion. The palynological as sem blage iden tified in sam ples P140 and P141 (Fig. 2) From the olistostrome above the Lepºa For ma tion, a sin gle sam ple (P142) was ana lysed. The dinoflagellate cyst as semblage is dom i nated by Spiniferites div. sp., and other taxa such as Cribroperidinium cf. edwardsii, Hystrichodinium cf. pulchrum, Oligosphaeridium buciniferum, Protoellipsodinium cf. clavulum, Xenascus sp. have been iden ti fied. Con ti nen tal palyno morphs have a fre quency of 12%, and in clude some spores (Deltoidospora toralis, Baculatisporites sp.) and rare spec i mens of Normapolles pol len.
Putna-Piatra Uscatã For ma tion. From the bot tom of this for ma tion, three sam ples were ana lysed (P143-P145; Fig. 2 ). The palynological con tent con sists of a high fre quency of dinocyst taxa (mainly Spiniferites group, and Xenicodinium div. sp.), to gether with spe cies such as Achomosphaera ramulifera, A. regiensis, A. alcicornu The quantitative and qual i ta tive anal y sis of or ganic par ti cles pres ent in all the sam ples ana lysed re veals a pre dom i nance of or ganic mat ter of con ti nen tal or i gin. At the top of the Lepºa Forma tion (sam ples P140 and P141), the palynofacies con sists of a large pro por tion of opaque phytoclasts (95-98%), that be long to the inertinite group, and lo cally small amounts of woody tissues and cu ti cles can be iden ti fied. The palynomorph group is poorly rep re sented (1-2%), gen er ally con sist ing of dino fla - gellate cysts and a lower fre quency of con ti nen tal palynomorphs (dom i nantly pteridophyte spores and gym no sperms). The AOM group has a rare oc cur rence, only some par ti cles of gelified AOM (de rived from de graded higher plant de bris) be ing iden ti fied.
In the olistostrome (sam ple P142) iden ti fied in the geo log ical sec tion, the palynofacies is gen er ally sim i lar to that in ferred from the Lepºa For ma tion (sam ples P140 and P141). The opaque phytoclasts show a high per cent age (93-95%), to which is added some small gran u lar AOM par ti cles (de rived from phytoplankton deg ra da tion). The palynomorphs (1%), are rep re sented by var i ous spe cies of dinoflagellate, spores being rarely encountered.
The lower part of the Putna-Piatra Uscatã For ma tion (samples P143-P145) com prises also a palynofacies dom i nated by opaque phytoclasts (98%), some of these phytoclasts be ing small and rounded. Other phytoclasts such as woody tis sues and some biodegraded cu ti cles are rarely iden ti fied. The palyno morphs (1%) are mainly rep re sented by dino fla gellate cysts, in some sam ples (P144) only phytoplankton spe cies being de ter mined.
INTERPRETATION AND DISCUSSION
DINOFLAGELLATE CYST BIOSTRATIGRAPHY
The strati graphic dis tri bu tion of dinoflagellate taxa in the Runcu sec tion is shown in Ta ble 1. The age de ter mi na tion in the geo log i cal sec tion ana lysed is based on the First Ap pearance Da tum (FAD) and Last Ap pear ance Da tum (LAD) of signif i cant dinoflagellate spe cies.
Lat est Maastrichtian. The biostratigraphic in ter pre ta tion of the dinocyst as sem blages, based on the dinocyst bioevents, sug gests an Late Maastrichtian age for the top of the Lepºa For ma tion. Among the spe cies iden ti fied in this for ma tion, an im por tant marker taxon is Pterodinum cretaceum, which has been named dif fer ently (see Slimani et al., 2010: pp. 104 ), having the LAD in the lat est Maastrichtian (Schirler and Wil son, 1993; Roncaglia and Corradini, 1997a, b; Slimani, 2001; Torricelli and Amore, 2003; Slimani et al., 2008 Slimani et al., , 2010 Slimani et al., , 2011 Slimani et al., , 2016 Slimani and Toufiq, 2013; M'Hamdi et al., 2013; Guédé et al., 2014) . This spe cies is re corded in a sin gle sam ple (P140). Also, the spe cies Palynodinium cf. grallator, which is an other marker for the lat est Maastrichtian, is ob served in sam ple P140, the LAD of this spe cies be ing fre quently re corded at top of the Up per Maastrichtian in dif fer ent geo log i cal sec tions from north ern higher lat i tudes (Hansen, 1977; Schiøler and Wil son, 1993; Habib et al., 1996; SchiÝler et al., 1997; Wil liams et al., 2004; Slimani et al., 2011) , but rarely quoted in the low er most Danian in low lat i tudes (Brinkhuis et al., 1998; Gedl, 2004; Slimani et al., 2010; Mohamed et al., 2012; M'Hamdi et al., 2013) . Manumiella seelandica, Deflandrea galeata and Muratodinium fimbriatum have been iden ti fied in the top of the Lepºa For ma tion (P141 sam ple). These spe cies have their FAD's in the Up per Maastrichtian, but may per sist up to the Danian in Mo rocco (Slimani et al., 2010 , Guédé et al., 2014 , Tu ni sia (M'Hamdi et al., 2013), the Czech Carpathians (Gedl, 2004) and else where. An other spe cies, such as Rottnestia wetzelii subsp. wetzelii, which was rarely quoted at the K-Pg bound ary from the North ern Hemi sphere, was iden ti fied from the Up per Maastrichtian of Aus tria (Mohamed and Wagreich, 2013) , and con sid ered as a marker for the Late Maastrichtian in Green land (NÝhr-Hansen, 2012 ). In the study sec tion of the Runcu River, this spe cies has been iden ti fied in al most all samples ana lysed (above and be low the K-Pg bound ary). The species that have been re corded both from the top of the Lepºa For ma tion and from the lower part of the Putna-Piatra Uscatã For ma tion in clude Spiniferites ramosus (fre quent), Oligosphaeridium com plex, Hystrichosphaeridium tubiferum (rare in the Up per Maastrichtian and fre quent in Danian), Achomosphaera ramulifera, Hystrichokolpoma bulbosum subsp. bulbosum.
In sum mary, the FAD's and LAD's of all spe cies ob served in sam ples P140 and P141 sug gest a lat est Maastrichtian age for the up per most part of the Lepºa For ma tion, which can be cor related with Hansen's (1977) Palynodinium grallator and Slimani's (2001) Hystrichostrogylon coninckii zones, based on the last oc cur rence of Palynodinium cf. grallator.
The dinoflagellate spe cies iden ti fied in the olistostrome above the Lepºa For ma tion in di cate a Barremian-Early Maastrichtian age of these de pos its, the ge nus Xenascus be ing an im por tant marker (Wil liams et al., 1993 ). An other taxon identi fied in sam ple P142 is Hystrichodinium cf. pulchrum, quoted from Campanian-Lower Maastrichtian de pos its of the Outer West ern Carpathians (Skupien and Mohamed, 2008) , the LAD of this spe cies be ing known in the Early Maastrichtian. Other Cre ta ceous dinoflagellate cysts taxa are ob served in this olistostrome such as Impletosphaeridium? clavulum, Hystrichosphae ridium salpingophorum, Oligosphaeridium buciniferum, and Cribroperidinium cf. edwardsii (quoted from the Mid dle Mem ber of the Audia For ma tion; Þabãrã, 2014) . The marker taxa pre vi ously men tioned in di cate a Barremian-Lower Maastrichtian age of the sed i men tary de pos its ana lysed from the lower part of the olistostrome. The slump ing of these de pos its suggests sig nif i cant tec tonic ac tiv ity at the Cre ta ceous-Paleogene tran si tion, sour cing Barremian-Lower Maastrichtian ma te ri als from the Sãrata For ma tion.
Early Danian. Dinoflagellate cysts such as Damassa dinium californicum, Carpatella cornuta, Senoniasphaera ino rnata are global Danian in dex fos sils, valu able for the iden ti fi ca tion of the K-Pg bound ary (Drugg, 1967; Gedl, 2004; Wil liams et al., 2004; Slimani et al., 2010; Slimani and Toufiq, 2013; Moha med and Wagreich, 2013; M'Hamdi et al., 2013; Guédé et al., 2014) . Among these spe cies, only Senoniasphaera inornata has been iden ti fied in the lower part of the Putna-Piatra Uscatã For ma tion (sam ple P143). This oc currence sug gests that the K-Pg bound ary can be placed be low the first ap pear ance of this spe cies and above the last ap pearance of the Maastrichtian spe cies Pterodinium cretaceum and Palynodinium cf. grallator, within the in ter val be tween sam ples P141 and P143 (Fig. 2) . The strati graphic range (FAD and LAD) of Senoniasphaera inornata is re stricted to the Early-Mid dle Danian in ter val (62.6-64.95 Ma; Hardenbol et al., 1998; Williams et al., 2004; Slimani et al., 2010) .
Eisenackia circumtabulata is another im por tant spe cies for the iden ti fi ca tion of the K-Pg bound ary. Its FAD in di cates the low er most Danian in sev eral biostratigraphically cal i brated sections such as El Kef in Tu ni sia (Brinkhuis and Zachariasse, 1988) and Ouled Haddou in Mo rocco (Slimani et al., 2010; Slimani and Toufiq, 2013) . In the sec tion stud ied, this spe cies first oc curs in sam ple P143, at the same level as Senoniasphaera inornata.
The dinoflagellate spe cies Xenicodinium lubricum and Tectatodinium rugulatum, which have well-doc u mented FADs in the Lower Danian (Hansen, 1977; Hardenbol et al., 1998; Slimani, 2000 Slimani, , 2001 , were re corded only in the Putna-Piatra Uscatã For ma tion (sam ples P143-P145) and there fore con firm the po si tion of the K-Pg bound ary de ter mined above, based on the LAD of Pterodinium cretaceum and Palynodinium cf. grallator, and the FAD of Senoniasphaera inornata. Their stratigraphic range in the sec tion stud ied can be cor re lated with Xenicodinium lubricum Zonule (up per part of the Damassadinium californicum Zone; Hansen, 1977) , es tab lished in Lower Danian lime stones in Den mark. Also, both spe cies (X. lubricum and T. rugulatum) were re corded in Danian de pos its in the Caspian De pres sion by Vasilyeva and Musatov (2012) . Carpatella cornuta, the zonal spe cies of the low er most Danian Carpatella cornuta Zonule (lower part of the Damassadinium californicum Zone; Hansen, 1977) is not re corded in the sec tion stud ied. The ab sence of this spe cies might be re lated to its ex treme scar city or to un fa vor able en vi ron men tal con di tions. The FADs of Achomosphaera alcicornu and Xenicodinium delicatum are also in dic a tive of the Lower Danian (Hultberg, 1985; Slimani, 2001; Slimani et al., 2010 Slimani et al., , 2011 Slimani and Toufiq, 2013; M'Hamdi et al., 2013) . Their oc cur rence in the sec tion stud ied sup ports the Danian age of the in ter val analysed in the Putna-Piatra Uscatã For ma tion. Other spe cies, previ ously re corded in Maastrichtian and Danian strata, were identi fied only in the Putna-Piatra Uscatã For ma tion. Among these taxa are Batiacasphaera rifensis, Cordosphaeridium fibrospino sum, Cribroperidinium wetzelii, Glaphyrocysta perforata and Operculodinium corradinii.
In sum mary, all these Maastrichtian and Danian dinocyst event mark ers sug gest that the K-Pg bound ary may be placed some where be tween the lat est sam ple ana lysed (P141) at the top of the Lepºa For ma tion and the ear li est sam ple ana lysed (P143) of the base of the Putna-Piatra Uscatã For ma tion. The pres ence of the Barremian-Lower Maastrichtian olistostrome (de void of dinocyst mark ers of the up per most Maastrichtian --low er most Danian bound ary in ter val) be tween the Lepºa and Putna-Piatra Uscatã for ma tions pre vent pre cise lo cal iza tion of the K-Pg bound ary in the study sec tion. We also did not observe, as in di cated in other stud ies (see above in the In tro duction), any mass ex tinc tion of dinocysts in the K-Pg bound ary in ter val of the Runcu sec tion. How ever, the micropalaeontological con tent (foraminifers) is poor at the top of the Lepºa Forma tion and may sug gest con se quently a mass ex tinc tion of this group close to the K-Pg bound ary inter val.
The Maastrichtian dinoflagellate as sem blage in the sec tion stud ied shows more sim i lar i ties with Tethyan as sem blages (De Coninck and Smit, 1982; Brinkhuis and Zachariasse, 1988; Slimani et al., 2010 Slimani et al., , 2016 Mohamed et al., 2012; M'Hamdi et al., 2013) than with Bo real as sem blages (Hansen, 1977; Hultberg, 1985; Schiøler and Wil son, 1993; Slimani, 2001; Slimani et al., 2011) . Com pared to the other sec tions from the Tethyan realm, shows also more sim i lar i ties with the Maastrichtian dinocysts as sem blage from south east ern Czech Re pub lic (Carpathian do main ; Gedl, 2004) than with the as sem blage from south-east Po land (west ern part of the East Eu ro pean Plat form; Machalski et al., 2016) , which was con sid ered to be char ac teris tic of Bo real prov ince, due to the high abun dance of the cold wa ter taxon, such as Palynodinium grallator. The most im portant dif fer ences ob served, com pared to the as sem blage quoted from the Czech Carpathians, con sists in the fact that the Palyno dinium grallator dis ap pears ear lier (up per most Maastrichtian) in the stud ied sec tion, prob a bly due to dif fer ent palaeoenvironmental con di tions. How ever, the Danian as sem blage is sim i lar to many other as sem blages quoted from world-wide, iden ti fied both at low and high lat i tude. Palynofacies anal y ses as de scribed by Tyson (1995) comprise an im por tant tool in sedimentology for re con struct ing depositional en vi ron ments. The sed i men tary or ganic mat ter (also called kerogen) re corded from the for ma tions dis cussed herein in cludes a large pro por tion of con ti nen tal ma te rial, with phytoclasts, pol len grain and spores, as well as a small amount of ma rine ma te rial com posed of dinoflagellate cysts and gran ular AOM.
The kerogen ana lysed from the Lepºa For ma tion is composed mainly of opaque phytoclasts that are de rived pri mar ily from the ox i da tion of plant tis sue, which was trans ported over a pro longed pe riod of time (Carvalho et al., 2013) . The O:Trans ra tio, cal cu lated based on palynofacies data ob tained from this geo log i cal for ma tion, shows a high value, sug gest ing a more dis tal set ting, at least outer shelf zone. The same en vi ron ment is also in di cated by the C/M ra tio, the lat ter hav ing a lower value in sam ple P141 (dinoflagellate cysts pre vail ing) and slightly higher in sam ple P140 due to sporomorphs de rived from the con ti nen tal land mass. The oc cur rences in the Lepºa For ma tion of some oce anic dinocysts such as Impagidinium and Pterodinium sup ports the same palaeoenvironmental in ter preta tion. Oce anic dinoflagellate taxa were also re corded in Maastrichtian-Danian de pos its from the Czech Carpathians, show ing a high fre quency in hemipelagic de pos its (Gedl, 2004) . Nev er the less, the palynological as sem blage from the Lepºa For ma tion also con tains some spe cies of the Spiniferites group, which in di cates in ner-outer neritic en vi ron ments (Sluijs et al., 2005) . This off shore depositional en vi ron ment in ferred for the Lepºa For ma tion is also sug gested by plot ting the fre quen cies of palynomorphs in an SPM ter nary di a gram (Fig. 5) .
The palynofacies re corded from the olistostrome above the Lepºa For ma tion is gen er ally sim i lar to that in ferred from the Lepºa For ma tion. The or ganic mat ter is char ac ter ized by a high per cent age of opaque phytoclasts and a small amount of granu lar AOM and dinoflagellate cysts. The O:Trans ra tio, as well as the C/M ra tio, in di cate a more dis tal fa cies for these de pos its.
The depositional en vi ron ment of the Putna-Piatra Uscatã For ma tion (lower part) is very sim i lar to that in ferred from the Lepºa For ma tion. The palynofacies of this for ma tion is dom inated by opaque phytoclasts (98%), these or ganic par ti cles of - (Federova, 1977; Duringer and Doubinger, 1985) in di cat ing an off shore depositional en vi ron ment for the de pos its ana lysed
Trans mit ted light mi cro pho to graphs of the palynofacies from the sam ples ana lysed (scale bar 30 mm): A -opaque phytoclasts of var i ous shapes and sizes, with small amounts of trans lu cent phytoclasts (olistostrome, sam ple P142); B -a mixed as sem blage of opaque phytoclasts and dinocysts (Lepºa For ma tion, sam ple P141); C -palynofacies dom i nated by small opaque phytoclasts (Putna-Piatra Uscatã For ma tion, sam ple P143) ten hav ing small di men sions and rounded shapes (Fig. 5C) , as a re sult of pro longed trans port in dis tal en vi ron ments (Steffen and Gorin, 1993) . The dom i nance of dinoflagellate cysts, compared to the spores-pol len as sem blage (Fig. 5 , ter nary di agram), is in dic a tive of de po si tion in an off shore en vi ron ment. More over, the oc cur rences of oce anic dinocysts such as Impagidinium (lo cally with higher pro por tions; 15% in sam ple P144 sam ple), sug gest the same en vi ron men tal in ter pre ta tion for the Putna-Piatra Uscatã For ma tion.
CONCLUSIONS
This pa per de scribes biostratigraphical data from the K-Pg bound ary in ter val of the Outer Moldavides (Vrancea Nappe), inferred based on dinoflagellate cyst bioevents, as well as on palynofacies anal y sis across this bound ary in ter val. The main con clu sions are the following:
-the dinocyst as sem blage iden ti fied in the top of the Lepºa For ma tion in di cates a lat est Maastrichtian age. Im por tant biostratigraphic event mark ers for this age are the LADs of Pterodinium cretaceum and Palynodinium cf. grallator. This in ter val can be cor re lated with the lat est Maastrichtian Palynodinium grallator Zone of Hansen (1977) and the Hystrichostrogylon coninckii Zone of Slimani (2001) ; -the oc cur rence of the dinoflagellate cysts Xenascus sp. and Hystrichodinium cf. pulchrum may in di cate a Barremian to Early Maastrichtian age for the olistostrome dis posed above the Lepºa For ma tion. This slump ing event may sug gest sig nif icant tec tonic ac tiv ity at the Cre ta ceous-Paleogene tran si tion; -the dinocyst as sem blage re corded in the Putna-Piatra Uscatã For ma tion can be cor re lated with the Lower Danian Xenicodinium lubricum Zonule of Hansen (1977) . The K-Pg bound ary lies some where within the ~8 m thick strata in ter val be tween the top of the Lepºa For ma tion (sam ple P141) and the base of the Putna-Piatra Uscatã For ma tion (sam ple P143), namely be tween the last oc cur rence of the Maastrichtian dinocyst mark ers, such as Pterodinium cretaceum and Palynodinium cf. grallator, and the first oc cur rence of Danian dinocyst mark ers such as Senoniasphaera inornata, Xenicodinium lubricum, Tectatodinium rugulatum and Eisenackia circumtabulata. Unfortunately, the pres ence of the olistostrome be tween the Lepºa and Putna-Piatra Uscatã for ma tions does not al low a more ac cu rate lo cal iza tion of the K-Pg bound ary in the sec tion stud ied; -the Maastrichtian dinoflagellate as sem blage from the Runcu sec tion shows more sim i lar i ties with Tethyan as semblages, but com pared with other as sem blages from the same palaeo geo graphi cal area (the West ern Carpathians and the west ern part of the East Eu ro pean Plat form), some dif fer ences in the last ap pear ance and abun dance of cold wa ter taxa (e.g., Palynodinium grallator) can be ob served. These small dif ferences in palynomorph dis tri bu tion are prob a bly re lated to dif ferent palaeoenvironmental con di tions. The Danian as sem blage from the sec tion stud ied is sim i lar to many as sem blages of the same age pre vi ously re corded world wide; -palynofacies anal y sis of the sec tion stud ied shows an abun dance of con ti nen tal or ganic mat ter (mainly opaque phytoclasts be long ing to the inertinite group, some times with small di men sions and rounded shapes), which could sug gest an off shore depositional en vi ron ment of the sed i men tary ba sin. The pres ence of some oce anic dinocysts (e.g., Impagidinium, Pterodinium) in the Lepºa and Putna-Piatra Uscatã for ma tions, sup ports the same palaeoenvironmental in ter pre ta tion.
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